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Applications of Ru and ZrN 
 Catalysis 
 Electronics 
Optical coatings 
Properties of Ru and ZrN 
• Ru: 
 Low resistivity 
 Thermal stability 
Oxidation resistance 
 Diffusion barrier capability 
• ZrN: 
 Thermal stability 
 Good mechanical performance 
Motivations 
• In-situ monitoring surface 
oxidation of Ru using LEIS 
surface peaks 
• Sub-surface oxidation of Ru and 
ZrN using LEIS in-depth signal 
Low Energy Ion Scattering (LEIS)1: 
O2 adsorption on Ru surface 
Conclusions 
Sub-surface oxidation of Ru 
 1. Brongersma, H.H. Characterization of Materials, 2012: p. 2024-2044 
• Sub-monolayer sensitivity of LEIS can be used for monitoring surface oxidation of Ru and 
sticking probabilities can be determined 
• From LEIS in-depth Ru and Zr signals, sub-surface oxide thicknesses can be investigated in-
situ and O diffusion constants can be extracted 
• Oxygen diffuses much faster in ZrN than in Ru   
Qtac100 LEIS 
LEIS quantitative analysis gives: 
1.Atomic composition of the outer 
atomic layer of the surface  
->surface peak 
2.Non-destructive in-depth profile 
within the nm range (0-10 nm)  
->tail distribution 
Example: 30 nm ZrN sputter cleaned 0.5 keV Ar  
LEIS 3 keV He+ 
6.6·10-8 mbar O2 + 3·10
-8 mbar (He+Ar) 
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O and Ru references and 
coverage determination  
Ru internal ref. 
O internal ref. 
i
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ii SS  Si = LEIS signal 
In absence of matrix effects: 
ξi = surface coverage 
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θi = corrected surface coverage 
     depends on: 
•Stoichiometry 
•Density 
O2 adsorption model and sticking probability determination 
Hertz-Knudsen-Langmuir model 
s0=0.6 
s0 = initial sticking probability 
s  = sticking probability 
)1(0 Nss 
• Sticking probabilities = “surface 
reaction” constants 
• In-situ monitoring surface oxidation of Ru  
O Plasma: ~1015 atom/cm2/second 
nm 
• Sputter cleaned 0.5keV Ar 
Sub-surface oxidation of ZrN 
O Plasma: : ~1015 atom/cm2/second 
• Sputter cleaned 0.5keV Ar 
nm 
Sub-surface oxide growth for 
ZrN and Ru 
Diffusion constants for O in 
ZrN and Ru 
• Depth scale obtained using stopping 
power of ions in RuO2 150eV=1nm 
(SRIM and ion path) 
• After 160 min O exposure, ~1 nm 
RuO2 in-depth is formed  
   (confirmed by XPS) 
• Depth scale obtained using stopping 
power of ions in ZrO2 151eV=1nm 
(SRIM and ion path) 
• After 240 min O exposure, ~4.3 nm 
ZrO2 in-depth is formed  
• ZrN shows more oxidation than Ru 
• O diffuses faster in ZrN than in Ru 
• Diffusion slows down with oxide 
thickness due to structural changes 
while oxide growth 
 Assumptions: 
 Ea~0, reactivity of Ru surface 
 θsat =0.5 of total Ru sites 
 Langmuir monolayer adsorption 
 
 
 
 
He+ 
He+ detected 
He0 not detected 
 
He+ detected 
dSE 2.2
ΔE = energy loss 
d = backscattered depth 
S  = stopping power 
Surface peak 
Ions scattered from surface Zr 
Reionisation  
Sub-surface Zr signal 
Sub-surface Ru 
Sub-surface Zr 
     Assumption: 
•Diffusion limited growth 
 
z: oxide thickness 
D: diffusion constant 
t:  time 
t
z
D


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2
depth 
Sub-surface signal: 
Energy scale = depth scale 
He path in+out 
for Qtac100 geometry 
Reionisation 
 
